METHOD FOR FABRICATING ORGANIC THIN FILM 



BACKGROUND OF THE INVENTION 

The present invention relates to a method for 
fabricating an organic thin film that will serve as a resist 
film, an anti-reflection film or the likes. 

As the systems bearing complex semiconductor integrated 
circuits have been downsized, it is becoming increasingly 
difficult to print complex circuit patterns onto a small 
semiconductor chip by the pattern lithography method that 
uses a resist pattern, namely, a patterned resist film, as a 
mask. As the wavelength of the energy beam used in the 
pattern lithography method becomes shorter, the beam which 
has passed through the photosensitive organic film serving as 
a resist film is reflected at higher reflectivity off the 
surface of the film to be etched (formed under the resist 
film). Then, undesired areas in the photosensitive organic 
film (the areas which should not be irradiated with the 
energy beam) other than the target areas for exposure may be 
subject to unintentional exposure. 

To solve this problem, a method for reducing the 
reflection of the energy beam that has passed through the 
photosensitive organic film has been proposed in which an 
organic film that absorbs the energy beam is coated on the 
film to be etched as an anti-reflection film prior to the 
formation of the photosensitive organic film serving as a 
resist film. 



FIGS. 9A and 9B are sectional views illustrating steps 
of an organic thin film fabrication method according to the 
prior art. 

Referring now to FIG. 9A, the se miconductor s ubstrate 
100 on which a film to be etched (not shown) has been formed 
is first subjected to wet-cleaning to remove particles that 
have stuck on the surface of the semi^onduc^ 100 
when the film to be etched is formed, for example. To be 
"more specific, the semiconductor substrate 100 is turned 
while a cleaning liquid 102 is supplied from a nozzle 101 
onto the semiconductor substrate 100. 

Next, as shown in FIG. 9B, an organic film 103, which 
will serve as a resist film or an anti-reflection film, is 
formed on the semiconductor substrate 100 of which wet- 
cleaning has been completed. 

As the design rule for electronic devices becomes 
increasingly fine in recent years, it has become hard to form 
fine resist patterns when the photosensitive organic film 
serving as a resist film is thick. Besides, if the organic 
film serving as an anti-reflection film is thick, the resist 
film is subjected to undesired etching. To solve such a 
problem and enable to provide fine resist patterns, a few 
methods have been proposed for forming a thin organic film 
se rvi ng as a re sist film or an anti-reflection film. 

At least the same or higher levels of uniformity in 
film thickness are required in forming an organic thin film/ 
compared with the case of forming an organic thick film. 



Then it is necessary to increase the content of solvent 
in the organic material used in forming^ the organic thin film, 
in order to make viscosity of the organic material low. 
However, if the content of solvent in the organic material is 
raised, the uniformity of film thickness is more likely to be 
affected by the heat of vaporization of solvent (Japanese 
Patent Laid-Open Publication No. Hei. 8-186072). 

In addition to the above-mentioned drawback, the 
inventors of the present invention have found another problem 
that if an organic thin film is formed lOOnm or less in 
thickness on a silicon nitride film or silicon nitride oxide 
film that is deposited as a hard mask" or an inorganic anti- 
reflection film, a coating patte^ii^ running radially from the 
wafer center to its peripherals shows up (hereafter, coating 
unevenness) on the fabricated organic thin film. An organic 
thin film that has such coating unevenness cannot be used as 
a resist film or an anti-reflection film. 



SUMMARY OF THE INVENTION 

In view of the foregoing, it is, therefore, an object 
of the present invention to provide a method for forming 
organic thin films, using an organic material of a low 
viscosity, of uniform thickness and free of such coating 
unevenness , when forming an ^rganic thin film onto the 
silicon nitride film or silicon nitride oxide film. 

In order to attain the above object, a first method for 
fabricating an organic thin film according to the present 



invention comprises the steps of: forming an undercoating 
film made of silicon nitride or silicon nitride oxide on a 
substrate; wet-cleaning the undercoating film using a 
cleaning liquid; irradiating far ultraviolet ray onto the 
undercoating film of which wet-cleaning has been completed; 
and forming an organic thin film with a thickness of about 
lOOnm or thinner on the undercoating film onto which far 
ultraviolet ray has been irradiated by turning the substrate 
and providing a liquid organic material onto the substrate. 

According to the first method for fabricating an 
organic thin film of the present invention^ the undercoating 
film made of silicon nitride or silicon nitride oxide is wet- 
cleaned; far ultraviolet ray is irradiated onto the 
undercoating film; and then the organic thin film with a 
thickness of about lOOnm or thinner is formed on the 
undercoating film. Then compared with the conventional 
organic thin film fabrication method that conducts no 
irradiation of far ultraviolet ray onto the undercoating film, 
coating unevenness is unlikely to show up in the resulting 
organic thin film even when an organic material of low 
viscosity is employed. Therefore, the uniformity of 
thickness of the organic thin film can be improved. When the 
organic thin film is formed as a resist film or anti- 
ref lection^ film, i^ becomes possible to make fine resist 
patterns. Then it becomes also possible to provide 
electronic devices of finer design rules. 

A second methodV for fabricating an organic thin film 



according to the present invention comprises the steps of: 
forming an undercoating film made of silicon nitride or 
silicon nitride oxide on a substrate; wet-cleaning the 
undercoating j^lm using a cleaning liquid; and forming an 
organic thin film with a thickness of about lOOnm or thinner 
on the undercoating film, of which wet-cleaning has been 
completed, by turning the substrate and providing a liquid 
organic material \onto the substrate; wherein the organic 
material contains Vat least one solvent selected from the 
group consisting of propylene glycol monomethyl ether acetate, 
propylene glycol monomethyl ether, ethyl lactate, ethyl 
methoxy propionate, \ethyl ethoxy propionate, 2-heptanone, 
ethyl pyruvate, diethylene glycol monomethyl ether, methyl 
cellosolve acetate, prqpylene glycol monoethyl ether acetate, 
ethyl methoxy propionate, methyl lactate, methyl pyruvate and 
diethylene glycol dimethyl ether. 

According to the second method for fabricating an 
organic thin film of the Aresent invention, the undercoating 
film made of silicon nitride or silicon nitride oxide is wet- 
cleaned and then organic thin film with a thickness of about 
lOOnm or thinner is formed on the undercoating film by the 
use of an organic material containing at least one solvent 
selected from the group consisting of propylene glycol 
monomethyl ether acetate, propylene glycol monomethyl ether, 
ethyl lactate, methyl methoxyV propionate, ethyl ethoxy 
propionate, 2-heptanone, ethyl pyruvate, diethylene glycol 
monomethyl ether, methyl cellosolve acetate, propylene glycol 



monoethyl ether acetate, ethyl methoxy propionate, methyl 
lactal3e, methyl pyruvate and diethylene glycol dimethyl ether. 
Then, Compared with the conventional organic thin film 
fabricatVon method that does not use an organic material 
containing the above solvent, coating unevenness is unlikely 
to show up in the resulting organic thin film even when an 
organic material of low viscosity is employed and therefore 
the uniformity of the thickness of the organic thin film can 
be improved • When the organic thin film is formed as a 
resist film or anti-reflection film, it becomes thereby 
possible tol make the resist pattern finer. Then it also 
becomes possible to provide electronic devices of finer 
design rules! 

Further, compared with the first method of the 
invention, the second method does not need the irradiation 
process of far ultraviolet ray onto the undercoating film. 
As a result, the organic thin film fabrication process can Be 
simplified and its processing time can be shortened. 

In the first and second organic thin film fabrication 
methods, the step for wet-cleaning preferably includes a step 
of applying ultrasonic wave in the cleaning liquid. 

Then particles that have stuck on the surface of the 
undercoating film during the formation of the undercoating 
filmic an be relj-ably rejnoved. 

In the first and second organic thin film fabrication 
methods, it is preferable to insert a step of forming another 
organic thin film on the undercoating film and then removing 



this organic thin film between the step of forming the 
undercoating film and the step of wet-cleaning. 

Then residues that have stuck on the surface of the 
undercoating film during the removal of another organic thin 
film can be removed reliably by the wet-cleaning, 

A third method for fabricating an organic thin film 
according\ to the present invention comprises the steps of: 
forming an undercoating film made of silicon nitride or 
silicon niJtride oxide on a substrate; irradiating far 
ultraviolet \ray onto the undercoating film; and forming an 
organic thin\film with a thickness of about lOOnm or thinner 
on the undercbating film onto which far ultraviolet ray has 
been irradiated by turning the substrate and providing a 
liquid organicA material onto the substrate; wherein the 
organic material contains at least one solvent selected from 
the group consiisting of propylene glycol monomethyl ether 
acetate, propylene glycol monomethyl ether, ethyl lactate ^ 
methyl methoxy propionate, ethyl ethoxy propionate, 2- 
heptanone, ethyl jWruvate, diethylene glycol monomethyl ether, 
methyl cellosolve \acetate, propylene glycol monoethyl ether 
acetate, ethyl metihoxy propionate, methyl lactate, methyl 
pyruvate and diethyiene glycol dimethyl ether. 

According to ^the third method for fabricating an 
o^ganic_ thin film Jpf the present invention, after far 
ultraviolet ray is irradiated onto the undercoating film made 
of silicon nitride or\ silicon nitride oxide formed on the 
substrate, an organic ithin film with a thickness of about 



lOOnm or\ thinner is formed on the undercoating film by the 
use of arn organic material containing at least one solvent 
selected firom the group consisting of propylene glycol 
monomethyl ether acetate, propylene glycol monomethyl ether, 
ethyl lactaite, methyl methoxy propionate, ethyl ethoxy 
propionate, 2-heptanone, ethyl pyruvate, diethylene glycol 
monomethyl ether, methyl cellosolve acetate, propylene glycol 
monoethyl etheW acetate, ethyl methoxy propionate, methyl 
lactate, methyl \ pyruvate and diethylene glycol dimethyl ether. 
Then compared With the conventional organic thin film 
fabrication method that does not conduct far ultraviolet ray 
irradiation on Bhe undercoating film or use an organic 
material containing the above solvent, coating unevenness is 
unlikely to show ub in the organic thin film even when an 
organic material on low viscosity is employed. Therefore, 
the uniformity of thickness of the organic thin film can be 
improved. When the olrganic thin film is formed as a resist 
film or anti-ref lectipn film, it becomes possible to make 
fine resist patterns . \ Then it becomes also possible to 
provide electronic devices of finer design rules. 

Further, compared with the first method of the 
invention, the third method does not need the wet-cleaning 
process for the undercoating film. As a result, the organic 
thin ^ilin_ fabrication process can be simplified and its 
processing time can be shortened. 

In the first and third fabrication methods, the step of 
irradiating far ultraviolet ray preferably includes a step of 
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performing heat treatment on the substrate. 

Then it becomes possible to reliably prevent the 
occurrence of coating unevenness in the organic thin film. 

In the first, second and third methods, it is 
preferable to make the total amount of the organic material 
used in the step of forming the organic thin film at least 
0 • 8ml . 

Then uniformity in the thickness of the resulting 
organic thin film can be further improved. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIGS. lA-lD are sectional views illustrating steps of a 
method for fabricating an organic thin film according to a 
first embodiment of the present invention. 

FIG. 2 is a diagram specifically illustrating the wet- 
cleaning process for the method for fabricating an organic 
thin film according to the first embodiment of the invention . 

FIG. 3 is a diagram specifically illustrating the spin- 
coating of the organic material in the method for fabricating 
an organic thin film according to the first embodiment of the 
invention. 

FIGS. 4A-4C are sectional views illustrating steps of 
the method for fabricating an organic thin film according to 
a variation of the first embodiment of the invention. 

FIGS. 5A-5C are sectional views illustrating steps of 
the method for fabricating an organic thin film according to 
a variation of the first embodiment of the invention. 



FIGS. 6A-6C are sectional views illustrating steps of a 
method for fabricating an organic thin film according to a 
first comparative example. 

FIGS. 7A-7C are sectional views illustrating steps of a 
method for fabricating an organic thin film according to a 
second embodiment of the invention. 

FIGS. 8A-8C are sectional views illustrating steps of a 
method for fabricating an organic thin film according to a 
third embodiment of the invention. 

FIGS. 9A and 9B are sectional views illustrating steps 
of a conventional method for fabricating an organic thin film. 

DETAILED DESCRIPTION OF THE INVENTION 

( Embodiment 1 ) 

Now the method for fabricating an organic thin film 
according to the first embodiment will be described below 
with reference to the accompanying drawings. 

FIGS. lA-lD are sectional views illustrating the steps 
of the organic thin film fabrication method according to a 
first embodiment of the invention. 

First, as shown in FIG. lA, an undercoating film 11 
made of silicon nitride or silicon nitride oxide is formed on 
a ^emicondu c tor^ ubstrate 10 of an 8-inch silicon wafer by 
chemical vapor deposjJiion . 

Next, as shown in FIG. IB, a cleaning liquid 12 is 
supplied from a nozzle 50 onto the semiconductor^ substrate 10 
and the semiconductor substrate 10 is turned for the wet- 



cleaning treatment of the undercoating film 11. At the same 
time, ultrasonic wave is applied to the cleaning liquid 12 
for improving the cleaning effect. 

FIG, 2 is a diagram specifically illustrating the wet- 
cleaning process in the method for fabricating an organic 
thin film according to the first embodiment of the invention. 

Referring now to FIG. 2, the semiconductor substrate 10 
is held by a wafer chuck 6 0 fixed on^^~^rotary shaft 61 of a 
motor. While the semiconductor substrate 10 is turned around 
the rotary shaft 61, the cleaning liquid 12 is injected from 
the nozzle 50 onto the semiconductor substrate 10 for 
cleaning the surface of the semiconductor substrate 10. 
Simultaneously, an ultrasonic oscilTator 51 installed in the 
nozzle 50 applies ultrasonic wave, for example, of a 
frequency of iMHz and an output power of lOOW, to the 
cleaning liquid 12 running in a tube 52. 

In the first embodiment, the cleaning liquid 12 was 
pure water in which CO2 was dissolved. When CO2 is dissolved 
in pure water, the electric resistance of water decreases and 
then the electrostatic damage of the semiconductor substrate 
10 can be prevented. Indeed, while the specific resistance 
of pure water is 18MU, that of the C02-dissolved water is 
down to O.OIMU. 

_ Next^ as shown in FIG^ IC, far ultraviolet ray 13 is 
irradiated onto the undercoating film 11 in order to reliably 
remove even small particles sticking on the surface of the 
undercoating film 11. The far ultraviolet ray 13 irradiation 



process shown in FIG. IC comprises the combination of an 
irradiation process of far ultraviolet ray 13 (hereafter, 
lamp mode) and heating process of the semiconductor substrate 
10 with a heater 70 (hereafter, heating mode). The total 
time for this combined process is 155 seconds. For the lamp 
mode, the irradiation is set at OFF for the first 10 seconds 
in the combined process, ON for the following 2 seconds, OFF 
for the following 58 seconds, ON for the following 75 seconds, 
and OFF for the last 10 seconds. For the heating mode, the 
heating temperature is set at 100°C for the first 70 seconds 
in the combined process and at 140°C for the rest 85 seconds. 

Next as shown in FIG. ID, an organic material is spin- 
coated over the undercoating film 11 to form an organic thin 
film 14 with a thickness of about 60nm as an anti-reflection 
film. 

FIG- 3 is a diagram specifically illustrating the 
organic material spin-coating method in the method f5r 
fabricating an organic thin film according to the first 
embodiment of the invention. 

Referring to FIG. 3, the semiconductor substrate 10 is 
held by a wafer chuck 80 fixed on a rotary shaft 81 of a 
motor. The organic thin film 14 is formed on the 
undercoating film 11 by dropping a liquid organic material 92 
from a tu be _91 ins i de a nozzle 90 toward the center of the 
semiconductor substrate 10, while the semiconductor substrate 
10 is turned around the rotary shaft 81. Cyclohexanone is 
used as the solvent for the organic material 92 and the total 



amount of the organic material 92 dropped onto the 
semiconductor substrate 10 is controlled at 1.5ml, 

There was no coating unevenness recognized in the 
resulting organic thin film 14 (about 60nm thick) that was 
formed by the method described so far. In addition, the 
thickness of the organic thin film 14 was very uniform over 
the substrate and fluctuations in its thickness were within 
3nm. 

Although not shown in the figure, after a resist film 
is formed on the organic thin film 14, the resist film is 
exposed using the organic thin film 14 as an anti-reflection 
film. Then, a resist pattern is created by developing the 
resist film. 

Namely, according to the first embodiment of the 
invention, the undercoating film 11 made of silicon nitride 
or silicon nitride oxide is wet-cleaned; far ultraviolet ray 
13 is irradiated onto the undercoating film 11; and then tfie 
organic thin film 14 is formed on the undercoating film 11. 
According to the proposed method, compared with the 
conventional organic thin film fabrication method that 
conducts no irradiation of far ultraviolet ray onto the 
undercoating film, coating unevenness is unlikely to show up 
in the organic thin film 14 even when an organic material of 
low vi sc os ity is ^ e mploy ed . Theref ore , the uniformity of 
thickness of the organic thin film 14 can be improved. When 
the anti-reflection film made of the organic thin film 14 can 
be uniformly fabricated, the resist film as well can be 



uniformly coated on the anti-reflection film and it becomes 
possible to make the resist pattern finer. It becomes 
thereby possible to provide electronic devices of finer 
design rules. 

In the first embodiment, the thickness of the organic 
thin film 14 is not limited to a particular value. However, 
if it is lOOnm or thinner, the coating unevenness can be 
significantly reduced, compared with that attained by the 
conventional organic thin film fabrication method. In the 
first embodiment, the organic thin film 14 which was about 
60nm in thickness was formed. When an ultra-thin (about 
20nm) organic thin film was formed by the method of the 
present invention, also there was no coating unevenness 
recognized. 

The total amount of an organic material 92 that is 
dropped onto the semiconductor substrate 10 is not limited to 
a specific value in the first embodiment. However, if i^:s 
total amount is at least 0.8ml, it becomes possible to 
reliably prevent coating unevenness in the organic thin film 
14. Besides, as the dropped amount of such an organic 
material is increased, the organic material 92 easily spreads 
over the semiconductor substrate 10 with a uniform thickness 
and then the uniformity of thickness of the resulting organic 
thin film 14 can be^ impro ve d . 

In the first embodiment, it is not always necessary to 
apply ultrasonic wave to the cleaning liquid 12 in the 
cleaning process shown in FIG. IB. 



Besides, in the first embodiment, during the 
irradiation process of far ultraviolet ray 13 shown in FIG. 
IC, the heating with the heater 70 is not essential. 

Also in the first embodiment, instead of the organic 
thin film 14 formed as an anti-reflection film, a 
photosensitive organic film serving as a resist film or an 
organic insulating film serving as an inter-layer film may be 
formed . 

Further, the semiconductor substrate 10 employed in the 
first embodiment may be replaced by another substrate, for 
example, glass substrate. 
(Variation of Embodiment 1) 

Now the method for fabricating an organic thin film 
according to a variation of the first embodiment will be 
described below with reference to the accompanying drawings . 

FIGS. 4A-4C and FIGS. 5A-5C are sectional views 
illustrating the steps of the method for fabricating an 
organic thin film according to a variation of the first 
embodiment of the invention. 

First, as shown in FIG. 4A similar to FIG- lA of the 
first embodiment, an undercoating film 11 made of silicon 
nitride or silicon nitride oxide is formed on a semiconductor 
substrate 10 of an 8-inch silicon wafer by chemical vapor 
dep osition. 

Next as shown in FIG. 4B, an organic material is spin- 
coated over the undercoating film 11 to form a first organic 
thin film 15 with a thickness of about 60nm as an anti- 



reflection film. Specifically, the first organic thin film 

15 is formed on the undercoat ing film 11 by dropping a liquid 
organic material onto the center of the semiconductor 
substrate 10 (see FIG. 3), while the semiconductor substrate 
10 is held by a substrate holding mechanism and being turned. 
Cyclohexanone is used as the solvent for the organic material 
and the total amount of the organic material dropped is 
controlled at 1.5ml. 

In the process shown in FIG. 4B, however, coating 
unevenness resulted in the first organic thin film 15 and 
fluctuations in thickness of the first organic thin film 15 
were about 25nm, which was not a satisfactory level. 

In order to remove the first organic thin film 15 
having such coating unevenness, active oxygen atoms and ozone 

16 that have been produced by decomposing oxygen with plasma 
are carried onto this organic thin film 15 for ashing, as 
shown in FIG. 4C. 

Next, referring to FIG. 5A that is similar to FIG. IB 
of the first embodiment, in order to remove particles that 
have not been taken away from the surface of the undercoating 
film 11 by the ashing of FIG. 4C, the cleaning liquid 12, 
pure water containing CO2, for example, is supplied from the 
nozzle 50 onto the semiconductor substrate 10 for wet- 
cleaning the undercoating film 11, while the semiconductor 
substrate 10 is being turned. At this time, ultrasonic wave, 
for example, of a frequency of iMHz and an output power of 
lOOW, is applied to the cleaning liquid 12(see FIG. 2). 



Next as shown in FIG. 5B similar to FIG, IC of the 
first embodiment, far ultraviolet ray 13 is irradiated onto 
the undercoat ing film 11 in order to reliably remove even 
small particles sticking on the surface of the undercoating 
film 11, The far ultraviolet ray 13 irradiation process 
shown in FIG. 5B comprises the combination of an irradiation 
process of far ultraviolet ray 13, namely lamp mode, and 
heating process of the semiconductor substrate 10 with a 
heater 70, namely heating mode. The total time for this 
combined process is 155 seconds. For the lamp mode, the 
irradiation is set at OFF for the first 10 seconds in the 
combined process, ON for the following 2 seconds, OFF for the 
following 58 seconds, ON for the following 75 seconds, and 
OFF for the last 10 seconds. For the heating mode, the 
heating temperature is set at 100*^0 for the first 7 0 seconds 
in the combined process and at 140*^0 for the rest 85 seconds. 

Next as shown in FIG. 5C, an organic material is spin- 
coated over the undercoating film 11 to form a second organic 
thin film 17 with a thickness of about 60nm as an anti- 
reflection film. Specifically, the second organic thin film 
17 is formed on the undercoating film 11 by dropping a liquid 
organic material onto the center of the semiconductor 
substrate 10 (see FIG. 3), while the semiconductor substrate 
is hel d^b y a substrate holding jnechanism and being turned. 
At the same time, cyclohexanone is used as the solvent for 
the organic material and the total amount of the organic 
material dropped is controlled at 1.5ml. 



There was no coating unevenness in the second organic 
thin film 17 (about 6 0nm thick) that was formed by the method 
described above. In addition, the thickness of the second 
organic thin film 17 was very uniform over the substrate and 
fluctuations in its thickness were within 3nm. 

Although not shown in the figure, after a resist film 
is formed on the second organic thin film 17, the resist film 
is exposed using the second organic thin film 17 as an anti- 
reflection film. Then, a resist pattern is created by 
developing the resist film. 

Namely, according to the variation of the first 
embodiment of the invention, the undercoat ing film 11 made of 
silicon nitride or silicon nitride oxide is wet-cleaned; far 
ultraviolet ray 13 is irradiated onto the undercoat ing film 
11; and then the second organic thin film 17 is formed on the 
undercoating film 11. Then compared with the conventional 
organic thin film fabrication method that conducts no 
irradiation of far ultraviolet ray onto the undercoating film, 
coating unevenness is unlikely to show up in the second 
organic thin film 17 even when an organic material of low 
viscosity is employed. Therefore, the uniformity of 
thickness of the second organic thin film 17 can be improved. 
When the anti-reflection film made of the second organic thin 
_^film 17_caiL be uniformly fabricated, the resist film as well 
can be uniformly formed on the anti-reflection film and it 
becomes possible to make the resist pattern finer. It 
becomes thereby possible to provide electronic devices of 
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finer design rules. 

According to the variation of the first embodiment, 
after the first organic thin film 15 has been formed on the 
undercoating film 11, the first organic thin film 15 that has 
coating unevenness is removed, and then the undercoating film 
11 is wet-cleaned. As a result, residues that have stuck on 
the surface of the undercoating film 11 during the removal of 
the first organic thin film 15 are reliably removed. 

In the variation of the first embodiment, the thickness 
of the second organic thin film 17 is not limited to a 
particular value. However, if it is lOOnm or thinner, the 
coating unevenness can be significantly reduced, compared 
with that attained by the conventional organic thin film 
fabrication method. In the first embodiment, the second 
organic thin film 17 which was about 60nm in thickness was 
formed. When an ultra-thin (about 20nm) organic thin film 
was formed by the method of the present invention, there was 
no coating unevenness recognized. 

The amount of an organic material that is dropped on 
the semiconductor substrate 10 for the fabrication of the 
second organic thin film 17 is not limited to a specific 
value in the variation of the first embodiment. However, if 
its total amount is at least 0.8ml, it becomes possible to 
relia^ly_ prevent coating unevenness in the second organic 
thin film 17. Besides, as the amount of the organic material 
is increased, the organic material easily spreads over the 
semiconductor substrate 10 with a uniform thickness and then 



the uniformity of thickness of the second organic thin film 
17 can be improved obviously. 

In the variation of the first embodiment, it is not 
always necessary to apply ultrasonic wave in the cleaning 
liquid 12 during the cleaning process shown in FIG. 5A. 

In the variation of the first embodiment, it is not 
always necessary to perform the heating using the heater 7 0 
during the far ultraviolet ray irradiation process of FIG. 5B. 

Also in the variation of the first embodiment, instead 
of the second organic thin film 17 formed as an anti- 
reflection film, a photosensitive organic film serving as a 
resist film or an organic insulating film serving as an 
inter-layer film may be formed. 

Further, the semiconductor substrate 10 employed in the 
first embodiment may be replaced by another substrate, for 
example, glass substrate, in the variation of the first 
embod iment . 

(First comparative example) 

The method of forming an organic thin film according to 
a first comparative example is described below with reference 
to the accompanying drawings . 

FIGS. 6A-6C are sectional views illustrating the steps 
of the organic thin film fabrication method according to the 
first jcqmpara-y.yeexa^^ 

First, as shown in FIG. 6A similar to FIG. lA of the 
first embodiment, an undercoating film 11 made of silicon 
nitride or silicon nitride oxide is formed by the chemical 



vapor deposition method on a semiconductor substrate 10 made 
of an 8-inch silicon wafer. 

Next as shown in FIG. 6B similar to FIG. IB of the 
first embodiment, the undercoating film 11 is wet-cleaned by 
turning the semiconductor substrate 10, while supplying a 
cleaning liquid 12, for example, pure water containing CO2, 
from a nozzle 50 over the semiconductor substrate 10. At the 
same time, ultrasonic wave of a frequency of IMHz and an 
output power of lOOW, for example, is applied to the cleaning 
liquid 12 to improve the cleaning effect (see FIG. 2). 

Then as shown in FIG. 6C, an organic material is spin- 
coated on the undercoating film 11 to form an anti-reflection 
film made of an organic thin film 18 that is around 60nm 
thick. To be more specific, the semiconductor substrate 10 
is turned, with the semiconductor substrate 10 being held by 
a substrate holding mechanism, and then a liquid organic 
material is dropped onto the center of the turning 
semiconductor substrate 10 (see FIG. 3) to form the organic 
thin film 18. In this process, cyclohexanone is used as the 
solvent for the liquid organic material and the total amount 
of the dropped organic material is set at 1.5ml. 

Namely, in the first comparative example, the organic 
thin film 18 is formed with no irradiation of far ultraviolet 
ray 13t ha t^ was shown in FIG. IC for the first embodiment. 

Coating unevenness was found in the organic thin film 
18 that was formed according to the above method- Besides, 
fluctuations in thickness of the organic thin film 18 were 



about 25nm, which was not a satisfactory level. 

In the first comparative example/ similar coating 
unevenness was found when diglyme or methyl isobutyl ketone, 
instead of cyclohexanone, was used as the solvent of the 
organic material for forming the organic thin film 18. 
( Embodiment 2 ) 

Referring now to the accompanying drawings, the method 
for fabricating an organic thin film according to a second 
embodiment of the present invention will be described below. 

FIGS. 7A-7C are sectional views illustrating the steps 
of the organic thin film fabrication method according to the 
second embodiment of the invention. 

First, as shown in FIG. 7A similar to FIG. lA of the 
first embodiment, an undercoating film 11 made of silicon 
nitride or silicon nitride oxide is formed on a semiconductor 
substrate 10 made of an 8-inch silicon wafer by chemical 
vapor deposition. 

Next as shown in FIG. 7B similar to FIG. IB of the 
first embodiment, the undercoating film 11 is wet-cleaned by 
turning the semiconductor substrate 10, supplying a cleaning 
liquid 12, for example, pure water containing CO2/ from a 
nozzle 50 over the semiconductor substrate 10. At the same 
time, ultrasonic wave of a frequency of iMHz and an output 
power of lOOW, for example, is applied to the cleaning liquid 
12 to improve the cleaning effect (see FIG. 2). 

Then as shown in FIG. 7C, an organic material is spin- 
coated on the undercoating film 11 to form an anti-reflection 



film made of an organic thin film 19 that is around 60nm 
thick. To be more specific, the semiconductor substrate 10 
is turned, with the semiconductor substrate 10 being held by 
a substrate holding mechanism, and then a liquid organic 
5 material is dropped onto the center of the turning 
semiconductor substrate 10 (see FIG. 3) to form the organic 
thin film 19. In this process, propylene glycol monomethyl 
ether acetate is used as the solvent for the liquid organic 
material and the total amount of the dropped organic material 

10 is set at 1.5ml. 

There was no coating unevenness recognized in the 
organic thin film 19 (about 60nm thick) that was formed by 
the method described above. In addition, the thickness of 
the organic thin film 19 was very uniform and fluctuations in 

15 thickness were 2nm or less whici is better than that in the 
first embodiment. 

Although not shown in the figure, after a resist film 
is formed on the organic thin film 19, the resist film is 
exposed using the organic thin film 19 as an anti-reflection 

2 0 film. Then, the resist pattern is formed by developing the 
resist film. 

Namely, according to the second embodiment of the 
invention, the undercoating film 11 made of silicon nitride 
or silicon nitride oxide is wet-cleaned and then the organic 
25 thin film 19 is formed on the undercoating film 11 by the use 
of an organic material containing propylene glycol monomethyl 
ether acetate as the solvent. According to the proposed 
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method, compared with the conventional organic thin film 
fabrication method that does not use an organic material 
containing propylene glycol monomethyl ether acetate, coating 
unevenness is unlikely to show up in the organic thin film 19 
even when an organic material of low viscosity is employed 
and therefore the uniformity of the thickness of the organic 
thin film 19 can be improved. When the anti-reflection film 
made of the organic thin film 19 can be uniformly fabricated, 
the resist film as well can be uniformly coated on the anti- 
reflection film and it becomes thereby possible to make the 
resist pattern finer. Then it also becomes possible to 
provide electronic devices of finer design rules. 

Further, compared with the first embodiment, the second 
embodiment does not need the irradiation process (see FIG. 
IC) of far ultraviolet ray 13 onto the undercoating film 11. 
As a result, the organic thin film fabrication process can be 
simplified and its processing time can be shortened. 

In the second embodiment, the thickness of the organic 
thin film 19 is not limited to a particular value. However, 
if it is lOOnm or thinner, the coating unevenness can be 
significantly reduced, compared with that provided by the 
conventional organic thin film fabrication method. In the 
second embodiment, the organic thin film 19 which was about 
60nm in thickness was formed. When an ultra-thin (about 
2 0nm) organic thin film was formed by the method described in 
this embodiment, there was no coating unevenness recognized. 

The amount of an organic liquid that is dropped on the 
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semiconductor substrate 10 for the formation of the organic 
thin film 19 is not limited to a specific value in the second 
embodiment. However, if it is at least 0.8ml, coating 
unevenness does not occur in the organic thin film 19. 
Besides, as the amount of such a liquid organic material is 
increased, the organic material easily spreads over the 
semiconductor substrate 10 with a uniform thickness and then 
it becomes easier to make the thickness of the organic thin 
film 19 uniform. 

In the second embodiment, it is not always necessary to 
apply ultrasonic wave in the cleaning liquid 12 during the 
cleaning process shown in FIG. 7B. 

Also in the second embodiment, instead of the organic 
thin film 19 foinned as an anti-reflection film, a 
photosensitive organic film serving as a resist film or an 
organic insulating film serving as an inter-layer film may be 
formed . 

Further, the semiconductor substrate 10 employed in the 
second embodiment may be replaced by another substrate, for 
example, glass substrate. 

In the\ second embodiment, propylene glycol monomethyl 
ether acetatA was used as the solvent for the organic 
material in thA fabrication of the organic thin film 19. If 
the organic material for use in forming the organic thin film 
19 contains at \least one solvent of propylene glycol 
monomethyl ether acetate, propylene glycol monomethyl ether, 
ethyl lactate, metViyl methoxy propionate, ethyl ethoxy 
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propionate, 2-heptanone, ethyl pyruvate, diethylene glycol 
monometWl ether, methyl cellosolve acetate, propylene glycol 
monoethyl ether acetate, ethyl methoxy propionate, methyl 
lactate, methyl pyruvate and diethylene glycol dimethyl ether, 
the same \ effect as that obtained in this embodiment is 
provided. \ On the other hand, if cyclohexanone, diglyme or 
methyl isobotyl ketone is used as the solvent for the organic 
material inVforming the organic thin film 19, the same effect 
as that of \ the present embodiment was not provided and 
coating unevenness was recognized in the fabricated organic 
thin film. \ 

In the second embodiment, a step of forming another 
organic thin film on the undercoating film 11 and then 
removing this organic thin film may be added between the 
steps of forming the undercoating film 11 shown in FIG. 7A 
and of wet-cleaning shown in FIG. 7B. Then residues that 
have stuck on the surface of the undercoating film upon 
removing the another organic thin film are removed by the 
wet-cleaning process with reliability. 
( Embodiment 3 ) 

Referring now to the accompanying drawings, the method 
for fabricating an organic thin film according to a third 
embodiment of the present invention will be described below. 

FIGS^. 8A-8C are sectional views illustrating the steps 

of the organic thin film fabrication method according to the 
third embodiment of the invention. 

First, as shown in FIG. 8A similar to FIG. lA of the 



first embodiment, an undercoating film 11 made of silicon 
nitride or silicon nitride oxide is formed on a semiconductor 
substrate 10 made of an 8-inch silicon wafer by chemical 
vapor deposition, 

Next as shown in FIG. 8B similar to FIG. IC of the 
first embodiment, far ultraviolet ray 13 is irradiated onto 
the undercoating film 11. The far ultraviolet ray 13 
irradiation process shown in FIG. 8B comprises the 
combination of an irradiation process of far ultraviolet ray 
13 (hereafter, lamp mode) and a heating process of the 
semiconductor substrate 10 with a heater 70 (hereafter, 
heating mode). The total time for this combined process is 
155 seconds. For the lamp mode, the irradiation is set at 
OFF for the first 10 seconds in the combined process, ON for 
the following 2 seconds, OFF for the following 58 seconds, ON 
for the following 75 seconds, and OFF for the last 10 seconds. 
For the heating mode, the heating temperature is set at lOO^C 
for the first 70 seconds in the combined process and at 140 °C 
for the rest 85 seconds. 

Then as shown in FIG. 8C, an organic material is spin- 
coated on the undercoating film 11 to form an anti-reflection 
film made of an organic thin film 20 that is about 60nm thick. 
To be more specific, the semiconductor substrate 10 is turned, 
with t h e sem ic onductor substrate 10 being held by a substrate 
holding mechanism, and then a liquid organic material is 
dropped onto the center of the turning semiconductor 
substrate 10 (see FIG. 3) to form the organic thin film 20. 



In this process, propylene glycol monomethyl ether acetate is 
used as the solvent for the liquid organic material and the 
total amount of the dropped organic material is set at 1.5ml, 
There was no coating unevenness in the organic thin 
film 20 (about 60nm thick) that was formed by the method 
described above. In addition, the thickness of the organic 
thin film 20 was very uniform and fluctuations in thickness 
were 2nm or less which is better than that in the first 
embodiment. 

Although not shown in the figure, after a resist film 
is formed on the organic thin film 20, the resist film is 
exposed using the organic thin film 20 as an anti-reflection 
film. Then, the resist pattern is created by developing the 
resist film. 

Namely, according to the third embodiment of the 
invention, far ultraviolet ray 13 is irradiated onto the 
undercoat ing film 11 that is made of silicon nitride or 
silicon nitride oxide and formed on the semiconductor 
substrate 10, and then the organic thin film 20 is formed on 
the undercoating film 11 by the use of an organic material 
containing propylene glycol monomethyl ether acetate as the 
solvent. According to the proposed method, compared with the 
conventional organic thin film fabrication method that does 

no t conduct far ^ultraviolet ray irradiation on the 

undercoating film or use an organic material containing 
propylene glycol monomethyl ether acetate, coating unevenness 
is unlikely to show up in the organic thin film 2 0 even when 
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an organic material of low viscosity is employed and 
therefore the uniformity of the thickness of the organic thin 
film 20 can be improved. When the anti-reflection film made 
of the organic thin film 2 0 can be uniformly fabricated, the 
resist film as well can be uniformly coated on the anti- 
reflection film and it becomes thereby possible to make the 
resist pattern finer. Then it also becomes possible to 
provide electronic devices of finer design rules. 

Further, compared with the first emboddLment, the third 
embodiment does not need the wet-cleaning process (see FIG. 
IB) for the undercoating film 11. As a result, the organic 
thin film fabrication process can be simplified and its 
processing time can be shortened. 

In the third embodiment, the thickness of the organic 
thin film 20 is not limited to a particular value. However, 
if it is lOOnm or thinner, the coating unevenness can be 
significantly reduced, compared with that provided by the 
conventional method for fabricating an organic thin film. In 
the third embodiment, the organic thin film 2 0 which was 
about 60nm in thickness was formed. When an ultra-thin 
(about 20nm) organic thin film was formed by the method of 
this embodiment, there was no coating unevenness recognized. 

The amount of an organic liquid that is dropped on the 
semiconductor sub str ate J.0 f or the^ formation of the organic 
thin film 20 is not limited to a specific value in the third 
embodiment. However, if it is at least 0.8ml, coating 
unevenness does not occur in the organic thin film 20. 



Besides, as the amount of the liquid organic material is 
increased, the organic material easily spreads over the 
semiconductor substrate 10 with a uniform thickness and then 
it becomes easier to make the thickness of the organic thin 
film 2 0 uniform. 

In the third embodiment, it is not always necessary to 
perform the heating using the heater 7 0 during the far 
ultraviolet ray irradiation process of FIG. 8B. 

Also in the third embodiment, instead of the organic 
thin film 20 formed as an anti-reflection film, a 
photosensitive organic film serving as a resist film or an 
organic insulating film serving as an inter-layer film may be 
formed. 

Further, the semiconductor substrate 10 employed in the 
third embodiment may be replaced by another substrate, for 
example, glass substrate. 

In Vhe third embodiment, propylene glycol monomethyl 
ether acetate was used as the solvent for the organic 
material in\the fabrication of the organic thin film 20. If 
the organic material for use in forming the organic thin film 
20 contains \t least one solvent of propylene glycol 
monomethyl ethe A acetate, propylene glycol monomethyl ether, 
ethyl lactate, methyl methoxy propionate, ethyl ethoxy 

propionate, 2r:heptanone^, eth yl pyruvate, diethylene glycol 

monomethyl ether, methyl cellosolve acetate, propylene glycol 
monoethyl ether acetate, ethyl methoxy propionate, methyl 
lactate, methyl pyruvate and diethylene glycol dimethyl ether. 



the same effect as that obtained in this embodiment is 
providedX On the other hand, if cyclohexanone, diglyme or 
methyl isobutyl ketone is used as the solvent for the organic 
material in forming the organic thin film 20, the same effect 
as that of\ the present embodiment was not provided and 
coating unevenness was recognized in the fabricated organic 
thin film. \ 

While there has been described what are at present 
considered to be preferred embodiments of the invention, it 
will be understood that various modifications may be made 
thereto, and it is intended that the appended claims cover 
all such modification as fall within the true spirit and 
scope of the invention. 



